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 EXECUTIVE SUMMARY

kllometers per hou:r (kph) and ranged from 1 5 4 5 kph

* _Migratlon speeds of barged and ROR steelhead were not 31gn1ﬁcantly dlfferent m three ofthe

N four releases ROR fish mtgration speed was not dszerent between releases barged ﬁsh

| rn1grat1011 speed was hlgher durmg one release than- the other three releases

Migration patterns of barged and:ROR fish in the éstuary were similar. Moveinient of .-radio- |

tagged juvenile steelhead in the lower estuary was influenced by tidal stage, with individuals |

moving downs't're_ani quickly on an OUtgbing.tide and either moving downstream stowly,

- holding, or moving.sligbtly upstream on an incoming tide.

Large portions of both barged and ROR steelhead successfully migrated to the estuary: 70% -
90% of barged fish and 40% - 100% of the ROR fish were observed at, or downstream of, the
fixed .m(_)n_i_t'oring station at river kilometer 89.4. For all releases, there was no significant

dif_ferenc'e_ between barged and ROR gro_up_s in-proportion of fis_h reaching th_e estuary.

.Of all_ radi'o—t'agged .steelhead; 14 % (5% —25% for each r'eleas.e) of barged fish and 5% (0_% -
. 20% for each release) ol" ROR fish were. observed in colonies of'pisei'vo_rqiis bir’d’s.on.RiCe
Island or East Sarld Islaﬁd by aircraft ot boats arid w:ere eonside'red moftallties' Av1an |
predation: dld not differ between barged and ROR ﬁsh Mean mortahty for pooled barged and
ROR steelhead was 10% (5% - 20% for each release) ' ' '

There was no 51gn1ﬁcant d1fference m length between radio- tagged barged and ROR ﬁsh in
three of the four releases. Length was SIgmﬁcantly different between releases for ROR fiskh,
but not for the .barge_d fish. The barged fish had a s1gn1ﬁcantly lnghe_r. condition __factor t_han
ROR_._ﬁsh on 'tb_ree_'_ef the four releases. Cond_iti.'on' factor was different for both barged and
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w :.ROR ﬁsh had 31gmﬁcantly higher plasrna cortrsol levels than harged ﬁsh on two of the three ; .; S

" releases. Thls suggests elther h1gher stress levels for in- nver m1grants ora dlfference 1n i
B ::f.holdmg or collect1on technrques between ﬁsh types There was a strong relatxonshlp between o

: 'n\ean cort1sol levels and nLmber of smolts arr1vmg at Bonnevﬂle Dam (smolt counts) "“or ROR_' SR

ﬁ_s_h. :

* Prevalenee of bacterial kidnev disease :(BKD)'Was low through'ont the season with 1'0'0% of ::
- the fish having no or low detectable levels of mfectron There were no dlfferences n BKD

o levels between fish types wrthm a release or between releases w1th1n a type '.

*:.:Saltwater preference expenments mdlcated no s1gmﬁcant dlfference between barged or ROR
' ﬁsh in the percent of ﬂsh selectmg sa]twater at 60 minutes or 120 rnmutes after the start of the : '_ :

o experlment

"% The feed intake experiment indicated that feed intake (% of body weight per feeding) did not -

E _cli_ﬁ"er 'si'gniﬂc:antly bet“reen barged and ROR fish on any g_iven'dayiz Both tvpes of fish fed - el
o vvell once 'e'xnosed to Salt'vva'ter' F1sh1n both gronps appeared to 'osrnoreg'ulate:well'base.d on |

plasma sodium, plasma potassmm and muscle rnorsture levels Only one mortahty inboth .
"types of ﬁsh occurred during. the expenment suggestmg no dlfferences in mortahty after 14 o

- days in saltwater.
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| __1)'.'.-'.'}_:.

.- .:werght of ﬁsh used for radlo trackmg, physmlogmal samplmg, saltwater

' ._preference experrments (SWP) and the feed 1ntake experrment are grven for

B 'iz;each release of ﬁsh Mean and 1 range (m parenthesrs) are glven for lengths and _:_

2)

: F 1sh depth and depth of water where ﬁsh were found The "Water Depth”

: taggmg or numbers n rephcate groups for saltwater preference experrments

column for the ﬁxed momtorlng statron shows the rnax1mum possrble depth .' '
“in the area whlle the boat and plane data show a known depth near the fish.

_ Data in 1talres is questlonable ‘Fish depth was converted frorn tag pulse rates

S 'we1ghts For ﬁsh numbers entnes w1th ”+" 1nd1cate standard+depth tags for _13_:'

ey
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2

3

4)

ROR (bottom set) steelhead for each release durmg the 2000 field season. .

. The fish with the "+" as markers were eventually eaten by pisctvorous blrds

Im the estuary. The distance was calculated from the ﬁxed momtormg statlon

hoat, and_plane data points.

(A) Migration. s_p_ee_d_.in kilometers per hour (kph) of all fish and (B) 'rr_iea_ﬁ- -

40 - | .
speed (= SE) for each release of radiotagged barged and ROR steelhead -

" measured from the release site to a monitoring station near the upstream end

_ of the Columbia River Estuary.

{A) The mean length (= SE) end (B) condition factor‘ (3: SE) of the
rad1o—tagged barged and ROR steelhead. S1gn1ﬁcant d1fferences between

types within a date are indicated with astensks (*) other statlst10a1 differences

are described in the Results section

- PAGE.

39.

41
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S 5) - ._ COrrelatlon between mean mlgratron Speed (kph) and mean outﬂow on the - 42 >

' ._'_3w1th regress1on llnes and statrstrcs Flow data were obtamed from the Army'_; SR

o ; -Corps of Engmeers 1nternet 31te at http //www nwd-wc usace, army m11 " e

:6)' o (A) T he percentage of radlo tagged ﬁsh reachmg the estuary and (B) the o .4'3. v

o 'percentage of mortahty from plscworous brrds on che and East Sand Island:._i S

' ) - .All data- collected m the estuary for (A) barged and ROR fish cornbmed S ._ 44
.' _ (B) barged ﬁsh and (C) ROR ﬁsh Dots represent data collected by arrcraft L
11nes are data obtamed by boat and "+" markers on 1slands represent

mortahtres from plscworous brrds . :

8) . (A) Ml gration speed in relation to the It_i.de'.:o_f two steelhead t_r_acke_d_ by hoat o
in the estuary (B) Average speed of all tracked ﬁsh in the estuary durmg
. drfferent ttdal stages error bars show the range of Speeds S1gmﬁcant -
dxfferences are descrlbed in the results sectron ' F
9 - _.3 _'The depth ofa ﬁsh while berng tracked by boat in the estuary See results R 46

section for ﬁgure detalls

10) - (A) Meén plasrna cortisol levels (& SE) and (B) rnean gill Na'/K* AT Pase AT
_actmty (i SE) of the barged and ROR steelhead Srgnrﬁcant drfferences ' : |
.between types w1th1n a date are 1nd1cated Wlth aster1sks "), other statistrcal .

d]fferences are descnbed in the Results sectton
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L 1:_1") 3 :-:'The percent of ﬁsh mfected wrth certam levels of Bactena] Kidney Dlsease Co4g |

: 12) L (A) The percent of ﬁsh 1n saltwater after 60 mmutes dunng the saltwater : 49 o -

: -_preference experlment and (B) those 1n saltwater after 120 m1nutes Error

- bars indicate ﬂ:SE between rephcate tanks Slgmﬁcant d1fferences are 3

i 13) . (A) Mean welght (d: SE) and (B) condition factor (:b SE) of barged and ROR 50 .
'steelhead in the feed mtake expernnent Si gmﬁcant drfferenees between types '
within a date are md1cated with astensks (*) other statlstlcal d1fferences are

described in the Results sectlon

14)  Mean (:f: SE) (A) plasma sbdiunr ' (B) plasma potasslurn' (C) muscle moisture 51 _
' level, and (D) hepatosornahc index (HSI) of barged and ROR steelhead in
the feed intake expenment Sl gn1ﬁcant differences are descnbed m the Resufts

: sec_t10n
| 1:5).. Mean feed intake (% of body wetght * SE) Values of bar’g’e’d’ and ROR _ 52

s 3'steelhead in the feed mtake experlment Slgmﬁcant drfferences are descrlbed

mn. the Results section
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' -2) Determme and correlate ﬁsh condltlon to mlgratlon behavwr through the estuary an“ o

: saltwater mterface to rlver condmon and other mdlcators of estuarme product1v1ty

3) Estabhsh the relationshlp between ﬁsh behavmr in the estuarme and near- shore oceamc

env1ronment and the physmloglcal 1nd1cat0rs of ﬁsh quahty Examine the relat10nsh1p between

the. developmental stage of the transported steelhead to mxgratlon delays in the estuary and

survnval to ocean: entry
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' :3'sarrnon1ds to rmgrate down the lower Columbia Rive cr and successfully pass throu h the estuary .

Pr10r research of radlo—tagged Juvemle sprmg chmook sahnon has found that 10- 30% were taken:

by piscivorous bn‘ds in the Columbra River estuary (Schreck et al, submltted) If thls percentage
is similar for steelhead ‘than the total number of Colurnbla Rlver smolts taken by birds near the
'mouth of the river could have a 31gn1ﬁcant 1mpact on saimonid popu]atlons It is not known
what factors deterrmne the vulnerablhty of mi gratmg Jjuvenile salrnomds to bird predators
aIthough fish behav1or in the estuary elearly has the potential to affect the hkehhood of belng

- eaten: For exarnple those 1nd1v1duals who swim hlgher in the water column or llnger in areas

contalmng many blI‘dS may be more at I‘lSk A number of factors relatmg to ﬂsh health and

- devel_oprn_ent (sm_olt_lﬁcanon) have been shown to influence the behavior and _snrvr_val of Juvenile" o

salmonids.

We postulate that the q'uahty of migrants reaching the lower Columbia Ri'ver:(ei'the'r bj’ b_arge or

m -river migration) relates to subsequent behavior and avoidance of predation Fi"sh quality may -

partrcularly relate to delays in seawater entry in the Columbia estuary. Such delays could result

in more predanon by increasing the amount of tirne the mi grants spend in the: freshwater lens,

:where the fish are exposed to large concentratlons of blrds and 1 rnay be easier to catch due to the

':-.re]atlveiy shallow nature of the freshwater lens. Smoltification, disease and stress status may all o

influence the amount of timea ﬁsh n'ught be OtrappedO in the freshwater lens Pnor research on

the Colurnb1a River (Schreck and Stahl 1998) has suggested that the delay in seawater entry
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_' behavror a.re understood the opportunlty ex1sts to manage the mrgranon of _]uvemle salmomds

~ fishare Odelrveredo to the lower river could affect theu' ablhty or propensny to mrgrate

'therefore dehvery systems (i e bargrng, passage of dams or splll regulatron) are tacttcs that

' may play various roles in affectmg ocean entry deCﬁaS at varlous trmes throughout a run

During the 2000 ﬁeld season 1nformatron was co]lected concernrng deta1led nngratron behav1or

~of _]uvenrle hatchery steelhead in-the Columbla River and estuarrne environments. Increased

' understandmg of srnolt behavror in'the estuary is needed to determme what may be done to :

" minimize avran predatlon Radto-trackmg of d1fferent types of ﬁsh barged and run- of—the—nver _

(ROR) throughout the outmtgratlon season was the primary. Ob_]eCtI.VG Radio- tags that transnnt )

depth mformatron were used in addltton to standard tags to better understand vertlcal

: CllStI‘lbulIlOIl of ﬁsh in’ relatron to sahm’ry and avian predators The observed behawor and

: surv1val of these ﬁsh was compared to physmlogrcal condmon of other ﬁsh sarnpled at dams at’

- '_physrologwal adaptatlon in saltwater between the two types of ﬁsh

affect the ﬁsh s preference for saltwater Experrments were also completed on feed mtake and

SR

_through the Columbra Basm hydropower system to maxnmze downstream survrval Hence how_ S
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” Advanced Telemetry Systems (ATS Isanh anesota) and operated on the 148 149 megahertz '

bandwrdth Standard transmitters and depth transmltters were used Standard tags welghed

- approxrmately 1.2 g in air’ and depth tags Welghed 1. .9 g: Both types of tags were desrgned to

transiit contmuously for a minimum of 7 days. To reduce the number of frequencres to be
scanned during trackmg, two tags were placed on each ﬁ'equency and were dtstmgmshed by
'dlﬁ'erent beepmg rates (approxrmately 40 or 60 beeps per rnmute) Before use, all tags were

checked for proper functronm_g folI_owmg a 24 h immersion in water.

'Radi'o-tag'g'ed‘ fish were reteased on fonr dates m May and early June of 200t) Upto18fish
_ - fwere tagged with standard transmr Lters and 2 fish were taggea with depth transrmtters for each
o ;type of ﬁsh on-each of the four dates over the 2000 outmtgratron A detarled descnptron of the
'were collected on the fish transportatron barges between John-Day Dam- and Bonnevﬂle Dam.-
| Frsh were netted from holdrng tanks that contamed smolts collected at Lower Gramte Dam
. Juvemle Fish Facility. Only hatchery steelhead 1dent1ﬁed by an ad1pose fin chp, were collected.
) Ind1v1duaIs were anesthetized in 50 mg/l tricane methanesulfonate (M5222) buffered with 100
'_ mg/l NaHCO3, at’ter which the transmrtter Was surgically rrnplanted into the body cavity using
_ modrﬁed techmques from Moore et al; (1990) Sutures were used to cIose the i 1ncrsron
. 'antrbrottcs were apphed and Stress: Coat (Aquanum Pharmaceutlcals, Inc J) was used to replace |

the loss of a naturally secreted coatlng Followmg tagging; fish were placed in 125 hter live

..WCHS secured in the barge holds, and ailowed to recover. On the f rst release 10 ﬁsh were

o
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B '_.;placed in a lrvewell Four antennas became tangled and had to be cut shorter to free the ﬁsh

_' :.f_-however all of these ﬁsh Were subsequently detected downstream After tlns only 3-4 ﬁsh were
: ¢ 5'_7;placed in each hvewell After ﬁsh recovered (approxunately 30 rnmutes) they were released
o ; 3' from hvewells mto the barge holdmg tanks An observer stayed on board after the barge passed
' : Bonnevrlle Dam to verrfy that all tags were transmlttrng and to record the release t1me and :

R locat1on

i o Run of the-rtver yearhng hatchery steelhead to be radlo-tagged were obtalned at Bonnevrlle

% : Dam (BZJ) as part of the dally sample collected over a 24 hour perlod by Pacrﬁc States Marme L

5 Frshenes Comrmssron (PSMFC) personnel for smolt momtormg purposes Trmlng of these

| : releases was des1gned to comclde wrth peak passage of. Snake RJver Juvenlle salmonlds past
._ ' _. . Bonnevrlle Dam, so thiat we eould obtarn the hrghest proportron of Snake Rlver ﬁsh for taggmg

: ':(Frgures 1A and 1B) On the dates of taggmg, hatchery steelhead were passmg the dam but the -
exact orrgm of any glven 1nd1v1dual nnplanted W1th a radio tag 1s unknown After collectron by
'PSMFC personnel fish were placed in 125 liter 11vewells for subsequent taggmg (approxrmately

- 2 5h later) The taggrng procedure was identical to that used for barged. fish. At release ﬁsh _
s were placed back-into the bypass system. In an eﬁ‘ort to standardlze the arnval time of barged o

' and ROR mtgrants in the estuary (whlch mi ght 1nﬂuence rrsk of predat1on frorn brrds) releases

Lt Bonnevdle Dam were made aﬁer the transport ‘oaroe carrylng the parred release group of -

' _. _' radto—tagged fish- had passed BZJ T he two aroups. were released w1th1n 20 m1nutes of each

B ;' 'other Deta11s of the releases are descrlbed in Table 1

' & '-Followmg release radro-tagged 1nd1vrduals were rnomtored frorn an arrcraﬂ Locatton data were
o collected daily for a penod of 2 3 days starting on the ﬁrst or second day followmg release o

dependrng on weather condrtlons The a1rcraft used for traclnng was equrpped W1th one ATS

_ Challenger 2000 and one Lotek SRX 400 (for depth tags) radlo recelver each was connected to

| ':; antennas mounted: on both wrng struts Fl1ghts were conducted at an altltude of 153.m w1th an -

5 air speed of approxrmately 160 177 kllometers per hour Once a racho s1gnal was heard the

o _plane circled until its precme locatron could be deterrnrned The effectrve dlstance a tag could be -

'detected ranged from approxnnately 0 41016 kllometers Due to the extreme wrdth of the I’lVf:I‘ B

13
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; 1n the estuary the search pattern was a series. of east/west transects spaced at I 2 kliometer

relatwely narrow and the shlpplng ehannel abuts a serles of chffs on the Washmgton shorehne

: Trackmg data suggests that ]uvemle salmomds are often located in or. near the sh1pp1ng channel

ona mast 3 i above the ground and apprOXImately 31 m above nver levei Antennas were

pomted du‘ectly 1o the far side of the nver and were each connected toa Lotek receiver. The-

same frequenc:es were scanned by both recelvers but scanmng was off-set S0 ‘that scan time for

all’ frequencnes wasreduced. T he momtonng station was staffed 24 hours a day durin g périods

“of tagged ﬁsh mlgratlon

| Detailed behavior of individual migrants in the estuary was examinied. Either one or two 6 m
' Alutnasatel:d boats- (depending on available:personnel) eaeh -equip'ped with one-4-e1ement Yagi

antenna and a Lotek receiver, were used to- cont;nuously monitor the behav1or of 1nd1v1duals as

they mlgrated down the: estuary Trackmg began approx1mately one hour aﬁer the peak of hlgh

' .ﬁsh frequen01es When the first si gnal was heard the operators Would stop scanmng and only
track that- spec1ﬁc frequency. Once tracklng began the boat was kept as close to the ﬁsh as

p0551b1e At approx1mate1y 15 mmute 1ntervals the location of the boat was located and

rec_orde_d o_n a GPS (Global Posmomng_System, Garmin GPSMAP 230) unit. _A: fish was tracked B

until it moved into water too shallow for the boat, the signal was lost and could not be reacquired -

after set search limits, or other factors, such as weather, made continued tracking unsafe.

Water quahty data were collected dunng tracklng in order to determme the 1mmed1ate -

env1r0nrnemal condltlons associated with the ﬂsh A YSI model 85 DO/ Sallnlty rneter was ‘used
. = : .1-4:
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i j set up on Rxce Island to monltor for rad1otags at the rsland s Casplan tern colony Two statrons SR

_ ' -_were set: up on East Sand Island one stat10n rnon1t0red the Casplan tern colony on the eastem Sl
e side of the rsland and one statron momtored the double crested cormorant colony on the westem £
' .s1de These statlons were placed to confirm and supplement-the dara collected by the arrcraft .
- over the 1slands All stat1ons consrsted of a.6- element Yag1 antenna mounted ona pole 2m. _
-above the ground The antennae were plugged into a Lotek receiver, powered by a-12 volt deep i
- cycle battery, located in a lockbox at the base of the pole These statrons were set up pr1or to .

: : arr1val of fish i 111 the estuary and data was downloaded after each release Due to 1nc0ns1stencres

5 . Hatchery yearlmg steelhead were collected for physrologwal samplmg on three of the. four
B ::-releases in'which radlontagged groups were released (see Table l) ThlS allowed the health
' condmon for eaeh cohort of rad10—tagged fish to be documented and the d1fferences inthe
_:response to transportat1on collectron and handlmg, over the mrgratxon season to be measured
+ 5 jHealth and smolt1ﬁcat10n 1nd1cators were cornpared to mlgratlon behav1or (prlrnarrly mlgratxon
speed) and survival of the correspondmg radlo-tagged groups in an effort to detérmine if these:
' :-.mdlcators are predictive of post~release perforrnance ' '

'i:Barged ﬁsh were obtamed frorn the barge by pulhng a hft net m the same compartments from

s Wh_lch radio-tagged ﬁsh_were;t_a_ken_.-- R_O_R ]_uvemle steelhead- were-colle_cted at Bonneville Dam, e S

15
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' abnormalltres (1 e scale Ioss puncture marks) were recorded for each ﬁsh The caudal peduncle

was severed and whole blood collected in ammomum~hepanmzed caplllary tubes BIood was- :

dry ice’ (Zaugg, 1982) Whole krdneys were removed and frozen as well

Plasina cortisol concentration was measured as an i_n:de:x of 'str_ess. Plasma coriisol is a 'widely.
“accepted measure of the prirnary (neuroe'ndocrine)'resp(')nse to stress, (Mazeaud ét al., 1977)
Thawed plasma samples were assayed for cortlsol usrng a radlormmunoassay (Foster and Dunn,

1974) as modified for use with salmomd plasma (Reddmg etal. 1984) Smoltification was

- estimated by Heasuring gill Na’/K" ATPase; Whrch is an accepted index of this transformatmn

> (Hoar 1988; Lysfjord and Staurnes, 1998). Gill samples were analyzed at the USGS BRD

: Northwest Scrence Center Columbla vaer erld Statlon (Cook WA). Krdneys were analyzed

* for the presence of bactenal krdney disease (BKD) by the Oregon Department of Fish and _
erdlrfe (526 Nash Hall, Corvalhs OR) Presence and severlty of' mfectron was measured usmg :

a mod1ﬁed techmque from Pascho etal. (1991)

6
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salmrty with physrologrcal 1nd1ces Results were related to the behavror of radlo-tagged cohorts

. movvng through the estuary and 1nto saltwater The other experrment measared feed intake aﬂd -

_ physwlogtcal adaptanon in seawater

Saltwater Preference Experlmenf p i . |
A system for testlng sallnrty preference was developed using a vertlcal salinity gradrent The -
' expenmental setup consrsted of four 380 lrectangular ﬁberglass tanks (1. 83 x 0. 66 x 0.60 m)
with acryhc wmdows in front to view the fish.. Tanks were placed ina qu1te area and were
_ ' v1sually 1solated by black curtains. Saltwater was prepared (Instant Ocean 30 ppt) in
| separate tanks At the start of z a test approxrmately 190 1 of saltwater was pumped 1nto the
' bottom of the ohservatlon tanks through perforated PVC plpe Thrs was. done slowly, over
o approx1mately a 1 hour perrod to estabhsh a Vertlcal salmlty gradlent The wmdow of each test . -

: tank was marked to show the ﬁnal dlvrdmg lme between fresh and saltwater

" Barged ﬁsh'were c.olle'cted from the barge at Bonneville'Dam | prlOr to entry lnto"the Bonneville
Navigation Lock ROR fish were collected at BZJ in the sarne manner as descrrbed in Objecrzve

1. The dates, numbers and types of ﬁsh collected for these tests are grven n Table 1 " Fish were
:'placed in 125 liter livewells with a1r pumps and transported to Oregon State Un1versrty§s Smith

_Farm Frsh Physmlogy Laboratory Seven f' sh were placed in each of four observatron tanks and

_ C was supplied to the tanks. Two tanks (one of whtch was a rephcate) contamed barged ﬁsh and o

- C29221



mmutes 1ncludmg the 60 mmutes of saltwater 1ntroduct1on N

' Feed Intake Experzment

The fish used | in thrs expenment were collected in the same manner as’in the saltwater preference.
- experlment ‘The dates ‘numbers, and types of fish collected for these tests are glven in Table I..

- Insufficient ROR ﬁsh could be obtained in the ﬁrst day of collectlon so the collectlon was done :

~ over two conisécutive days The fish from each day were. transported in livewells supphed with

oXygen to Oregon State Umversrty s Hatﬁeld Marme Smence Center in Newport Transport time

~ was approximately 4 hours. In Newport fish were transferred mto hatchery. tanl(s (1 m wide,
water depth 60 cm) supphed with dechlormated tap- ~water at 13° C. Two repl1cated tanks for.
each type of fish Were used each tank contalned elther 25 barged ﬁsh or 24 ROR fish. On May
5, fresh water was replaced with seawater (13" C 6.5 =7.0 I/min, sahmty varymg between 29.9
and 31 0 ppt) ' '

B -The fish were fed tWiCe aday by hand (once durin‘g Weekends)'in 'excess with cotntnercial' dry:
| feed (Bio Dry 1000, BlO Oregon Warrenton OR) The feed had prev1ously been ground into.

. :-powder and repelleted A small batch of the ground feed Was mixed with small lead glass beads.
(ballotlm size 9, Iencons Ltd Letghton Buzzard; U. K 1.2% of welght) before repelleusmg for
labeled fee_d we_re_ then .X~rayed and a standard_curve for the relatm_nshtp betw_e_e_n_ nur_r_tbers of

. ballotinis-(ﬁB) an_d feed's weight (g) were calculated (g =0.087 + 0.018 x B, * = 0.9, N=12).

The fish were fed in excess with. the labeled feed approxrmately 15 min before’ samplmg on day - .
1,7, and 14 after saltwater introduction. Elght ﬁsh Were then netted from. each tank and kllled
by overdose in MS222 (200 mg/l buffered by NaHCO;) F1sh Were weighed (to 0.1 g) and

1;3 e
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: X-rayed number of beads were counted and the amount of feed eaten by each mdlvxdual was |

| :estnnated The lwer was also separated and welghed (to O 01 g) for the estrmanon of

hepatosomatlc 1ndex I—ISI = lwer welght f’ ﬁsh Wel ght X 100 Condmon factor K was calculated

"'accordmg to the formula K= welght (g) / length (mrn) X lO5

:jStqtr'sticdlldnd'b)ses: - |
Stat’lstical:an_aljrses were p_erformed_on the followi’ng groups of fish: oo
1. -“telemetry ﬁsh ba_rged and ROR radro tagged Juvemle steelhead (Objectrve 1)

2 P hysmlogy tish - barged and RORJUVGmIe steelhead collected for physmlogxcal
e __Samplmg (Objectlve 2). L

' 3 ' saltwater preference ﬁsh barged and ROR Juvemle steelhead collected for saltwater -

4, : Feed 1ntake ﬁsh barged and ROR Juvenlle steelhead collected for feed mtake o

" assessment (Objec‘uve 3)

.:_ Telemetry and lphysi'o}ogy fish measures-'were3'cornpared both within fish types" e, barge'd and
ROR fish) between different releases and W1thm d1fferent releases between fi sh types A smgle-
factor ANOVA was used for most compansons If there were only two levels in the companson

this test was a t-test If there were less than lS ﬁsh in any comparlson a Kruskal Walhs '

C20223"



o '(detenmned 1f PD < aome_ta,led 0 025 Where PD is the P—value for over— or underdxspersmn) m

. R which c_ase the stal_l_dard. errcrs We_re adjusted and’ the m_o_r.e cons_ervatwe F- _stat_lstlc was used. B

_ Ccmparisons for the saltwater preference expenments Were made usmg a multlfactor ANOVA |
. Wlth date and type of fish a,s factors these proportion data were .a;rcs.me transformed before R
analysrs (though not presentatlon) the level of BKD 1nfect10n w1thm these experlments was
' compared with Fisher's Exact test. The data for the feed mtake expenment were compared '

between types within a _date using a_.n_ested ANOV_A,.tank is nes_t_ed ;wlt_hm the type of fish.
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I ) Document post transport behavror of Juvemle passage delays of transported Sreelhead to

: mrzver mtgraz‘mg sreelhead mto and through the estuarme env:ronment

downstream to the momtormg statton in 31 9 89 9 hours The total d1stance 1nd1v1duals

B zztraveled over tlme can be seen’in Figure 2. The speed In: kllometers per hour (kph) whrch all

) 1nd1v1duals rmgrated from thelr release lOCﬂthIl near Bonnevrlle Dam to the ﬁxed momtonng

) statron can be seen in F]gure 3A Mean swrmrmng velocrty (F1gure 3B) was 3. 3 kph and ranged

* from 1. 5 4.5 kph There was a srgmﬁcant d1fference m mlgratron speeds of barged and ROR"
:steelhead in the ﬁrst release (p—O 0433, ANOVA) but not in the other three releases (5/ 15 _
'p—() 2923 5/25 p=0. 6800 6/4, p=0. 8052 ANOVA) The speed was not srgmﬂcantly dlfferent

_ :between the releases of ROR fish (p=0 2849, ANOVA) but was for barged ﬁsh (pr 0040,

ANOVA) with the second release having hlgher speeds than the other three releases There was

not a relatronshrp between migration speed and Bonnevrlle Dam outﬂow on the release date for

; ‘barged or ROR fish (Fi 1gure 4; p=0.7988, R =0. 0405; p=0. 0989 R2 =0. 8120 re5pect1vely, linear :

regress1on) There wasa relat1onsh1p between speed and outﬂow in prev10us stud1es (Schreck
and Stahl 1998), however the relatlonshrp may not haxe ex1sted for steelhead due to the narrow

. 'range of ﬂows durlng the ﬁeld season.

' Lengths of the two types of radlo—tagged ﬁsh d1d not drffer slgmﬁcantly in three of the four
releases (Figure SA 5/5 p—O 2241; 5/25 p O 15 11 6/4, p=0. 2573 ANOVAI)' deever there
was a d;fference in the second release (p=0. 0344 ANOVA) where ROR ﬁsh were larger The
length was 31gn1ﬁeantly dlfferent between ciates for ROR ﬁsh (p=0. 0120, ANOVA) the ﬁrst

' release was drfferent than the second release yet both the first and second were not drfferent '
than the thlrd and fourth release. The length of barged fish was not mgmﬁeantly dlfferent
between releases {(p= 0 4021 ANOVA) To detennme 1f the radlo—tagged fish were blased from
the general populatlon due to'tag:body welght eonstramts of tagging, ﬁsh sampled for L

physmloglcal analys1s were eompared to radro—tagged ﬁsh on each of the samplmg dates barged

o
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" . three of the four reIeases (5/5 p-0 0258 5/ 15 p—O 0007 6/4 p—O 0074 ANOVA), the thlrd
o release was: not dlfferent between the two types (p =0. 4788 ANOVA) whrch can be seen i

: (p—O 0002 p= 0 0102 respectwely, ANOVA) There was no mgmﬁcant re]atlonshrp between
: ._ condltxon factor and mtgratlon speed for both barged (p—O 7074 R2 =0 0026) and ROR ﬁsh _
' (p~—0 4449, R2 =0,0143, Iinear regressron) Agarn to determme 1f radro-tagged fish were blased
_ tagged ﬁsh oni eac_h of the sam_phng d_ates,_ barged .ﬁsh were not srgmﬁeantly_ different (5/5,_ :
- p=0.2610; 5/15, p=0.8430; 5/25, p=0.0726; ANOVA), however, the ROR fish were on the first
release (p'-O 0275, ANOVA) but not on the other two releases (5/ 15, p= = 4657 5725, p=0. 2287),
this 15 posmbly due to the small sampIe size (n=5) of physrology ﬁsh on that date |

Large portions in _ea'ch.reteas:e of both barged and ROR st:eel_he_ad snccessfully_ migrated to the
. .. estuary: 70% - 90% of radio_—tagged barged fish and 40% - 100%0f ROR fish were observed at,
= or do.wns'tre'am of, the ﬁXed nlenitoring station at river kilerneter' 894 (:F'ig'ure 6A). The overali' i
) _proportton of fish- reachmg the estuary was not s1gn1ﬁeantly d}fferent between barged and ROR
' ._ types (p=0.0645, logistic regresswn) or between releases (p =0 4106) Radlo tagged fish that
| ':.were'never' heard accounted for 5% - 15% of ‘barged fish and 0% - '60% of ROR fish. Itis
' unknown why these tags were unheard since all tags were: known to be functronlng 1mrnedtater
g ::-'range (2) fish that were taken by predators after release and whose remalns were dep051ted out -
- of radto range (3) individuals that mxgrated successfully but went undetected Regardless: of the
: :reason certain individuals were: never. observed It was assnmed that all tags were inside ﬁsh

: transrmttlng radio signals, and eould be: detected by the radlo recervers If this assumption is .

| fa]se then the true sample size of observable radio- tagged ﬁsh is reduced and the relative
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; LOf all radro-tagged steelhead 14% (5% 5% for each release) of barged ﬁsh and 5% (O% N

) 0% for each release) of ROR ﬁsh were observed 1n colomes of prscworous brrds on che Island_; G

: ._ drffer between barged and ROR fish (p—O 1092 logrstrc regress1on) or between release dates

| -Frgure 6B Of the ﬁsh released only one was heard in the V1c1n1ty of the brrd colonles on R1ce

: ---_Island thrs is d1tferent frorn past studies that show mueh hrgher percentages of mortalltres frorn 3: |

. the bird colomes on thls Jsland (Schreck and Stahl 1998 Schreck et al submrtted)

E At thrs time, it is not known what mﬂuences the level of predat1on on mrgratmg salmonrds in the :
- ;estuary, but such factors must fall into one of two- general categones gither from condltlons that
- .:mﬂuence ﬁshlng pressure from birds or phenomena that change the vulnerablllty of salmomd

- _rmgrants to predatron The ﬁslnng pressure exerted by plSClVOl’OUS blrds is the result of -

"eondrtrons such as populatron size and avallabrhty of alternate prey. Vulnerablllty of salmomd
mrgrants could be rnereased by delay in seawater entry (1ncreasmg the exposure trme 10 hlgh
L 'concentratlons of predators in the estuary), swm:lmlng higher in the water column or other

o behavior that causes them to be more accessrble to brrds There was no observable relat10nsh1p

Mean mortalrty for pooled barged and ROR steelhead was 10%

between travel tlme to the rnomtormg station and predatlon there was 110 dlfference it the speed o

of fish that were eaten versus not eaten (p=0. 6714 ANOVA) Thrs can also be: seen on Flgure 2,

- _' where the ﬁsh that were eventually eaten by ‘o1rds have no 0bv10us dlfference in thelr travel trme |

(i.e. the slowest ﬁsh aren 't always the ones that are eaten) Thrs might suggest that whatever
factors mﬂuence travel trme are not necessarrly related to predatlon nsk in the estuary e

Conversely, travel trme ‘of mi grants could concelvably mﬂuence survrval in the estuary by

o E determmmg the trme of arrrval of fish in areas where b1rds forage If rmgrants were to reaeh the

R of hrghest predatlon pressure when birds are not foragmg

g lower estuary on an outgomg tlde during’ hours of darkness they may traverse rnany of the areas _‘ .
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- _Mrgranon routes of radro tagged yearlmg steelhead observed from a1rcraft and by boats (Frgure S S

' ":shrppmg channel had another pomt of dlvergence near Tongue Pomt Agaln some stayed in the o

| shtppmg channel all the way to the ocean (rmgratlon route 2} however many crossed from the R :

. Oregon to the Washrngton side between Tongue Pomt and the Astona Bndge and entered’ the

ocean rrorn the northern S1de of the estuary (nngratron route 3). Tnese large—scale mrgranon '

patterns are visible in Frgures 7A The clusters of points’ on R.ICC and. East Sand Islands represent :

- _transmnters heard on the 1slands and are assurned to be ﬁsh consumed by av1an predators No
 differences i in large scale mlgratron patterns are ev1dent between barged (Frgure 7B) and the

ROR (Figure 7C) radro~tagged ﬁsh

Generally, fish tracking began near Rice Island one hour after the peak"of high tide (outgoing
tide) when the fish were movmg relat1vely qulckly Dunng slack t1de (arbrtrarlly defined as one
' half hour before and one half hour after the peak of'a t1de) the fi sh Stlll moved qurckly and after

| Ithe peak of low tide (mcomlng t1de) the ﬂsh either rnoved slowly downstream held their posrtron

or moved slightly upstream. F1gure 8A deplcts these movement patterns for two of the steelhead' S

- _tracked a. standardtzed time was used in thts fi gure since. the ﬁsh were tracked on dlfferent days -

_and the peak of low tide occ-urred_ a_t d1fferent times: Flgure.SB_shows _the a_fver_age speed_ and .

' range ofall traclce_d‘ﬁsh_ in the estuary 'dtiring__ dlfferent tidal stages.. There was 4 significant .

' '_difference between the speeds of the ﬁsh at these different stagesi (1'5=0 0035, ANOVA) The

tnne 1t would take for a fish to rmgrate from river krlometer 48, 3 to the ocean is was estimated.

_ | for6h on an incoming tide, agam .travel for 6 h onan outgomg t1de move shghtly downstrearn _

o again on an 1ncom1ng tide, then make it to the ocean on the next outgomg tlde the total

estnnated time would be 24 9 hours This means 1t took between 2-3 trdal cycles (acycle bemg

- deﬂned as the peak of high tide: to the peak: of _h;g_h tide) for a ﬁsh to n_lov_e fror_n_ the upper end _o_f i
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o dhe estuary to the ocean Smce the speed of the ROR ﬁsh was correlated w1th river ﬂows the

g number of trdal cycles to reach the ocean would vary dependrng on ﬂows As add1t1onal data to i

?:;-'-' support th1s theory, no lrve ﬂsh were detected 1n the estuary on consecutlve days

e Data collected from depth tags was exammed All depth data can be v1ewed in Table 2 The

_'surface or at a depth that was not p0531ble Thls could be due from the alt1tude of the plane or .
_ -. the speed at whrch 1t was ﬂymg, not allowmg a "ﬂx" on the tag srgnal Only one of the depth 7
_tagged ﬁsh was tracked m the estuary wrth a boat er ﬁsh tracked m boats had standard tags |
- and were followed only because they were located ﬁrst The depth of the mdmdual wrth the
._ below the bottom at one po1nt is because the channel depth changed qulckly in thls ar'e'a. rn'akrng -
it 1rnp0551ble to precrsely measure depth where the fish was located Of all rellable data (see _
| Table 2) the mean ﬁsh depth was 3.35 m (i 0. 326 SE) ‘These data, along with the fact that terns' |
| only feed in the top meter of: the water column suggests that most of the outrnlgratmg steelhead

smolts rernam near the surface

| A saltwater OwedgeO ex1sted in the estuary Judged frorn the water quahty data taken by boats as y '
_ trackrng occurred H1gher salrn1t1es existed. near the bottorn of the estuary, whxle lower sahnzty o
fresh water ﬂowed over the sallne water due: to den51ty gradrents Because few ﬁsh were tracked '

into areas that had a stratlﬁed salmlty proﬂ]e the data are not graphlcally presented '_ B _i' _'
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: The cortrsol 1evels were srgnrﬁcantly dlfferent between dates for ROR ﬁsh (p*O 0028
ANOVA) the third release: bemg lower than the other twvo releases The comsol levels were not
'.1 '.dlfferent betv een dates for barged ﬁsh (p—O 3442 ANOVA) : These eletated cortmol levels i mn '
ROR ﬁsh on the first. and second release could suggest hrgher stress levels durmg those periods;
_however th]S stress may be due to the collectton and handhng rnethod at B2J Cortisol levels *
were compared to certain factors to determme whether a relatzonshlp ex1sted There was a strong .
relatronshrp between the mean cortisol levels and number of smolts arrwmg at Bonneville Dam.
(srno_lt counts) for the ROR fish (p”0,0l 87, _R. =0.9991; , linear regres_szon)_;.__ Cortlsol levels were
also compared to fish with 10% or rnore scale'loss Individual COrtisolllevels were not
s1gmﬁcantly different between fish w1th scale loss and those wrthout scale loss for ROR fish
(p 0 3721 ANOVA) Barged fish were not analyzed since none had > IO% seale loss There

N 2_ _1_0%:s_cale;loss-than_ barged_ ﬁ_sh (p-O_.O_l_44, type _and_date as facto_r_s,_ logls_t_1c _r_egr_essr_on).

.Grll Na /K+ ATPase activity leveIs of barged and ROR yearlmg steelhead were: compared The |
ROR ﬁsh had mgmﬁcantly higher- levels of ATPase than barged fish on the ﬁrst release (F1gure |
10B; p—O 0385 ANOVA) but there was no difference on the second and thrrd releases '
-(p=0 9479 p=0. 2404, resPectwely, ANOVA) There was a dtfference between releases-for

' barged fish (p=0. 0200, ANOVA), w1th the second release havrng h1gher values than the other
two releases There was no srgmﬁcant d1fference in ATPase acttvrty levels between the releases
length Wetght or cond1t1on factor (p—() 1669 R2 =0.0351; p=0. 1167 R2—~0 0449 p =0. 7551,

R*=0.0018; respectrvely_,- lmear regression). O__ne 1nte_rpretatron of greater AT_Pase levels in the

C29230



e ';Prevalence of bacterlal krdney dlsease was low throughout the season, wrth 100% of the ﬁsh

'r'ﬁrst release could be that they were more smolted Another eventuahty 15 that the two groups [N o

e '-are not compnsed ofthe same stocks ofﬁsh o U T

i ::_: _'havmg no or- low detectable levels of mfectron (Frgure ll) When the proportlon of ﬁsh wrth

- zero level of 1nfect1on was compared there was no drfference between type of ﬁsh w1th1n a

S ';.irelease (5/5 p"—O 6223 5/ 15 p—-O 6285 5/25 p—4099 Frsher s Exact test) or between releases

' '.'-wrthm a type (barged p“O 3916 ROR p—O 3689 Ch1-Square test)

L 3 ) Establzsh the relarronsth berween fish behav:or m the estuarzne and near—shore oceamc

' environment and the physzologzcal mdzcators of f sh qualzty Examme the relatzonshtp between

_' the developmental stage of Ihe transported steelhead to mrgration deiays in the estuary and

_ 'Survzval to ocean entry

_ _'Saltwater Preference Experzments. - _ _ _
| Saltwater preference expenments (two were performed durmg the season) 1nd1cated that there
= 'were no srgmﬁcant drfferences between barged or ROR ﬁsh in the percent of fish in saltwater at
: 60 mtnutes (Frgure 12A p—l 000) or.120 minutes (Flgure 12B p—O 1754) when usmg a
E multlfactor ANOVA wrth date and type as factors In thls analysrs there was also no d1fferences

j-between the two dates at erther the 60 minutes (p—O 0858) or at 120 mrnutes (p—O 961 l) There

' _. 'was no drfference between length (p=0.9851; ANOVA) werght (p—O 7539) orK (me 4323)

between the two groups wrthm the first experrment date or the second (p=0. 7647 p=0.5073,"
p=0.2713; respectrvely, A_NOVA) There was no relatronshlp between the percent of ﬁsh in &
zzzsaltwater and average length (p*O 1412 R*=0. 3236 l1near regressron) welght (p—O 2158

.R =0.2419), or K (p=0 0760 R =0. 4332) at 60. mmutes or at 120 rnmutes (p—O 6924 R —0 0279
' p—O 5342 R*=0: 0676 p—O 7316, R*=0.0211; respectlvely) There was also no dlfference i} the

-proportlon of ﬁsh wrth no detectable BKD orgamsm between the type of ﬁsh wrthm the: ﬁrst
:'experrrnent date: (p——{) 2612 F1sher s ‘Exact test) or the second (p—O 7247) B
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- Feedfm‘ake Experzment - _ 9 _. = St o _
;'No growth was observed durlng the seawater exposure based on- the body—werght measurements '
of eight fish from each tank at day 1, 7 and 14 (Frgure I3A), also no srgmﬁcant dxfferences in
size was obsefved between barged and ROR fish (day 1, p"*O 105 day 7, p_O 451 day 14
p=0.442; nested ANOVA) Barged ﬁsh had consrstently higher Ks than ROR ﬁsh'('Fi gnre 1313), '_
but thlS drfference was statlstlcally srgmﬁcant (p 0. 034 nested ANOVA) on]y at day 7. The
trend of i tncreasmg Ks towards the end of the expernnent was not statlstically 51gn1ﬁcant for |

' 'barged fish (p=0:102, R2 0.528, linear regressron), but the ROR trend was s:gmﬁcant (p =

0.007, R* = 0.869, llnear regressmn)

Both types of fish appeared to be osmoregu]atrng well based on thetr plasma sodrum values after
1 and 7 days in saltwater (F1gure 14A).: For an unknown reason; a tise in pIasma sodrum was

observed at day 14 in one replrcate- for both groups Sodtum levels dld not dlffer between the

' day 7, p—O 554 day 14, p=0.597; nested ANOVA) Muscle morsture level remamed relatrvely
__stable and was not 51gn1ﬁcantly different between types (F igure 14C; day 1 , = =0.161; day 7,
p=0. 433 day 14, p=0.640; nested ANOVA). There was also little vartatlon in HSI between the

treatments as well as-within the treatrnent durmg the. experiment (Fi 1gure 14D)

_ Both barged and ROR ﬁsh steelhead fed extremely well after exposure to seawater Feed mtake
(% of body weight per feeding) did not drffer s1gn1ﬁcantly between the two types on any given
_'day \day 1 pA—O 221; day 7, p—O 5@0 day 14, p--O 242 nested ANOVA) whlch can be seen i

TR
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B _:thure 15 When feed mtake was calculated by usmg all the mdwrduals (feeders and non- |

'feeders) there was a large varrabrlrty between tanks after one day m seawater At the group

S .level there was no correlatlon between feed mtake and other vanables such as plasma sod1um:.'i'.;' P T

'::j' ' 'Even though there were no dlfferences m feed 1ntake on any glven day, the overall feed mtake iy ER

ks v fdurmg the experrment was. exammed usmg a nested ANOVA The total feed 1ntake durmg the_. i o e

S 'expenment was Slgmﬂcanﬂy hrgher in ROR ﬁsh than m the barged ﬁsh whether 1t was

s & calculated usmg all 1nd1v1duals (p 0. 035) or usmg only feedmg 1nd1v1duals (p 0 008)

:";however both groups were feedrng well

- It should also be noted that only one mortahty m both types of ﬁsh (48 50 total of each type)

: 'occurred dur1ng the expertment The total tune perlod that the ﬁsh were m saltwater was 14 3

- days This suggests no dlfferences in mortaltty after entry 1nto a saltwater env1ronment for the -

two types of fish.
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o Stahl .1.9.9.8.). The m1gratlon speeds are also snmlar to the chmook when exarnlnmg releases

_ durmg srnnlar ﬂow per1ods suggestmg a pass1ve migratlon of all salmonlds dowu the Colurnbla

. RIVCI' :

' There were some dlfferenoes 1ndlcatecl in the physrologwal pararnete S of the f sh The |

d1fferences in ATPase was s1gn1ficant between groups on the first release one mterpretatron of

| d]fferences in thelr m1grat1on tendency of therr preferenee for saltwater ThlS supports the
hypothesis that high ATPase levels do not drrectly correspond to an 1ncrease in saltwater

- adaptability (Lysf ord and Staurnes, 1998y and that ATPase may not be a dlrect rndlcators of
smolt1ﬁcat1on at least on an individual- level (Plrhonen and Forsman 1998). The ROR ﬁsh had
srgnrﬁcantly hrgher cortisol levels than barged ﬁsh on the fi rst and second releases suggestmg
higher stress levels durrng those perlods There was a strong re]at10nsh1p between mean cortisol:
levels and number of smo]ts arriving at Bonnev1lle Dam (smolt counts) for ROR fish; Even
though there'is a strong correlatlon between the two factors this does not necessarrly mean that

Citis a causal relatronsh1p A!though ROR ﬁsh generally had more scale loss hrgher cortrsol

leve]s and Tower. condttlon factors, the1r performance in the estuary was not dlfferent than

. barged fish; however; it is unknown What the long term effects may be aﬂer a ﬁsh has entered

into saltwater

Based on the results of the feed intake- experunent both barged and ROR steelhead fed

extremely well after exposure to seawater Even though there were no d1fferences in feed mtake

fish-than in the barged fish, whether it was caleulated usmg all mdmduals or usmg only feechng

1nd1vrduals however both groups were feedmg well It is p0551ble that ROR ﬂsh were eating
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2 mol‘e because of m—river rmgratlon deplettng energy reserves FIS_ ]

[ -'be "smoregulatmg well based o thelr plasma sodtum plasma potasslum, and muscle mo1sture

s 'levels Only one mortahty in both types of fish occurred durmg the expenment suggestmg no:

_both groups appeared to e

'-:‘3j5.: '_drfferences in mortahty aﬁer 14 days in saltwater R e

o _' :_-Tlmmg of yearlrng steelhead smolt arrlval n the estuary may be the most nnportant faCtOI.‘ Ve

"':?_fttme to avo1d predatron -We observed a relatronshrp between nver ﬂow and migratmn speed for

'_mortahty may be avmded The smolts should preferentrally arrive at a da1ly of tldally beneﬁcml

e ROR steclhead Dlscharge can’ be u ed to increase speed of ﬁsh and Dassage through the

I estuary for both barged and ROR ﬁsh The ttmmg of barge releases in conjunctlon Wlth

fdtscharge rates or v1se versa could be used in order. to allow srnolts to arr:ve at the estuary at

iy tlmes when terns and cormorants are fiot feedmg (ie. darkness) Bargmg 1tself 18 probably not L B

d1rect1y detnmental o the survival of ﬁsh it is the secondary effects such as timing of bargmg

o _' 'that may ‘be harmful to the steelhead outm1grants

Another maln factor that was hypothes1zed as an’ 1nﬂuence on n the survrval of steelhe‘ad WaS that o
2 ‘the physwlogtcal condmon would affect survrvablhty If a ﬁsh is not physmloglcally prepared | :" N
O enter saltwater it may behave in such a manner as to make 1t more vulnerable to avran S

: 'predators Better smolted ﬁsh prefer saltwater (Iwata 1995 McInemey, 1964) and W111 therefore

o . enter this deeper water more qu1ckly, presumably avmdmg predatlon The hydrodynamlcs Of the .' :

. estuary may give smolts little’ ch01ce to avord saltwater if not prepared to be m it. Thus. even lf

':they aV01d av1an predators they may be OﬂushedO mto saltwater ina cond1t101’l that does not

o allow them to survrve The data collected in. thig ﬁeld season does not support the hypothes1s

i | t‘nat condition affects behavmr and predatron suscepnbrhty There were d1fferences in cond1t1on - S
'j'factor glll ATPase, and cortrso] levels yet these dtfferences dxd not effect the mlgratlon speed

o :ml gratton patterns mortahty from p1sc1vorous birds, the preference for saltwater or the

o osmoregulat1on ablhty in saltwater o

o :_F'urther_ research and data ana_ly__ses need to be completed before:speciﬁe managzement
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E cntlcal area that remams unexplored Is at the mouth of the nver we have llrmted mformatlon :
| '_jconcemmg deta1led mxgraﬂon behav10r of Juvemle steelhead 1nto saltwater Increased _ ' :
: _ t.nderstundmg of smolt beha‘v ior at the lreslm a.er/saltwater mterface whlch is mtles long, may
prov1de 1ns1ght on what may be done to mmlmlze rates of avian predatmn Another area wh1ch
. should be mvestlgated 1n more detail i is how survwal mto saltwater ultlmately affects returmng
spawner populatlons An existing life- hjstory model for salimonids should be developed and
~ validated for thé: outmigrating _]_uve_ml_e_ stage: I_t can then be used to predict :a_dul:t populat;ons and
'effec'ts of management-deei'smns eoneertli'ng the hydropovs}er syStetn and other areas Zof concet'n o
- river and estuary condttlons i8 understood the opportumty ex1sts to manage the rn1gration of
- : juvemle salmomds through the Columbm Basin hydropower system in such a way that the1r

'subsequent survwal is. maxmuzed
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e regressmn hnes and statisucs Flow data. were obtamed from the Army Corps of

Engmeers 1ntemet sue at http //www nwd wc usace army m11/cg1-b1n/dataquery
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o _: percentage of mortahty from plSC]VOI‘OllS b1rds on RICC and East Sand Island

Fagure 6 (A) The percentage of rad}o—tagged ﬁsh reachlng the estuary and (B) the
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« - Figure 8. (A) Migration speed in relation to the tide of two steelhead tracked by boatm -

- the estuary. (B)Average speed of all tracked fish in the estuary during different tidal e

71 stages, error bars show the range of specds.- Significant differences are deseribed inthe o
- results section. | et el T e B T
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- activity (2 SE) of the barged and ROR steethead. Significant differences between types: D :: ;
L Wlthm a date are mdu_:ated w1th astemsks (*) other statistical d1fferences are descnbed in S

'.'F1gure 10 (A) Mean plasma cort1sol levels (i SE) and (B _ea gill Na’ /K. ATPase
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Flgure 1. The percent of fish mfected w1th certam Ievels of Bacterlal K.1dney Dlsease SRR
(BKD)in barged and ROR steelhead Slgmﬂcant dlﬁ'erences are descnbed in the Resulrs_ e
sect:on : : :
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- _ F1gure 13 (A) Mean we1ght (= SE) and (B) condltlon factor (i SE) of barged and ROR;

- gteelhéad in the feed intake experiment. Significant differences between types Wlthln a

- date are mdxcated with’ ‘asterisks (*), other statlstical dlfferences arg: descrlbed mn the
.'Resultssectlon S R SO o
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‘Figute 14, Mean (= SE) (A) plasma sodium, mmol/l, (B) plasma potassium, mmol,(C)

muscle moisture level, and (D) hepatosomatic index-(HSI) of the bargedand ROR
steclhead in the feed intake experiment. Significant differences are described in the

Results section. -
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Flgure 15 Mean feed 1ntake (% of body welght i SE) value.s.o:f :b:a:rged and ROR 31:_' B . E R

- steelhead in the feed 1ntake expenment Slgmﬁcant dlfferences are descrlbed m the R
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